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BATTERY SYSTEM COOLING SYSTEMS
AND METHODS

TECHNICAL FIELD

[0001] This disclosure relates to battery cooling systems
and methods. More specifically, but not exclusively, this dis-
closure relates to a battery cooling system design that may
provide for relatively uniform cooling of an associated bat-
tery system.

BACKGROUND

[0002] Passenger vehicles often include electric batteries
for operating features of vehicle electrical and drivetrain sys-
tems. For example, vehicles commonly include a 12V lead-
acid automotive battery configured to supply electric energy
to vehicle starter systems (e.g., a starter motor), lighting sys-
tems, and/or ignition systems. In electric, fuel cell (“FC”),
and/or hybrid vehicles, a high voltage (“HV”) battery system
may be used to power electric drivetrain components (e.g.,
electric drive motors and the like).

[0003] In certain designs, battery systems included in a
vehicle may be liquid-cooled. For example, to dissipate heat
generated by a HV battery, which may comprise a plurality of
cells and/or sub-batteries configured in series and/or in par-
allel, a HV battery system may include a cooling system
configured to cool the HV battery using a liquid coolant. A
consideration in designing a battery cooling system is reduc-
ing and/or otherwise preventing the occurrence of coolant
leaks from the cooling system. Leaked coolant may cause a
variety of issues including, for example, electrical malfunc-
tions and/or thermal events. Conventional battery cooling
systems designs, however, may involve the use of relatively
complex and/or otherwise expensive manufacturing methods
to reduce the occurrence of coolant leaks.

SUMMARY

[0004] Systems and methods are presented incorporating a
battery cooling system design that may provide for relatively
uniform cooling of an associated battery system. In certain
embodiments, a battery cooling system may include a central
coolant delivery system configured to circulate liquid coolant
through one or more coolant flow channels included in one or
more cooling plates. Among other things, embodiments of the
battery cooling system disclosed herein may allow for rela-
tively straightforward manufacturing processes and/or
assembly of the cooling system, provide sufficient mechani-
cal strength and/or rigidity to structurally support a group of
batteries and/or a plurality of constituent battery packs,
reduce the occurrence of liquid coolant leaks, and/or provide
for relatively uniform cooling (e.g., simultaneous cooling) of
a group of batteries and/or a plurality of constituent battery
packs.

[0005] In certain embodiments, cooling plates includedina
cooling system may comprise an isolation film disposed on
one or more sides and/or surfaces of the cooling plates. The
isolation film may be configured to isolate batteries and/or
battery packs from the cooling system plates supporting the
batteries and/or packs. Embodiments of the battery cooling
system design disclosed herein may, among other things,
allow for separate brazing of sheets to form cooling system
plates during manufacture. After brazing, the isolation film
may then be separately applied to the cooling system plates.
In certain embodiments, the separate brazing of the sheets
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may facilitate easier application of the isolation film than a
one-shot braze, which may introduce certain difficulties in
connection with applying the isolation film. The plates may
then be mechanically coupled with a seal to the central cool-
ant delivery system (e.g., viaa compression fit mechanism, an
o-ring mechanism, and/or the like). In some embodiments,
the plates may be bent to create spaced openings to receive an
associated sub-component of the battery system. Embodi-
ments of the disclosed battery cooling system may be scalable
to accommodate varied battery sizes and/or configurations
and facilitate thermal expansion of the associated battery
system over time.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] Non-limiting and non-exhaustive embodiments of
the disclosure are described, including various embodiments
of the disclosure with reference to the figures, in which:
[0007] FIG. 1 illustrates a battery system including a bat-
tery cooling system consistent with embodiments disclosed
herein.

[0008] FIG. 2 illustrates sheets used to form cooling plates
of a battery cooling system consistent with embodiments
disclosed herein.

[0009] FIG. 3 illustrates a cooling plate of a battery cooling
system consistent with embodiments disclosed herein.
[0010] FIG. 4A illustrates a view of assembly of a battery
cooling system consistent with embodiments disclosed
herein.

[0011] FIG. 4B illustrates another view of assembly of a
battery cooling system consistent with embodiments dis-
closed herein.

[0012] FIG. 4C illustrates yet another view of assembly of
a battery cooling system consistent with embodiments dis-
closed herein.

[0013] FIG. 5A illustrates a cross sectional view of a bat-
tery system and an associated coolant flow direction consis-
tent with embodiments disclosed herein.

[0014] FIG. 5B illustrates a cross sectional view ofa battery
system and an associated forming mandrel consistent with
embodiments disclosed herein.

[0015] FIG. 6 illustrates a cross sectional view of a seal
between a central coolant delivery system and flow channels
defined by a cooling plate consistent with embodiments dis-
closed herein.

[0016] FIG. 7A illustrates a view of an interface between a
central coolant delivery system and a cooling plate consistent
with embodiments disclosed herein.

[0017] FIG. 7B illustrates another view of an interface
between a central coolant delivery system and a cooling plate
consistent with embodiments disclosed herein.

[0018] FIG. 8illustrates a top cross-sectional view of a seal
between a central coolant delivery system and a cooling plate
consistent with embodiments disclosed herein.

[0019] FIG. 9A illustrates a cross sectional view of an inter-
face between a central coolant delivery system and flow chan-
nels defined by a cooling plate consistent with embodiments
disclosed herein.

[0020] FIG. 9B illustrates another cross sectional view of
an interface between a central coolant delivery system and
flow channels defined by a cooling plate consistent with
embodiments disclosed herein.

[0021] FIG. 10A illustrates an exemplary turbulator design
included in a flow channel of a cooling plate consistent with
embodiments disclosed herein.
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[0022] FIG. 10B illustrates another exemplary turbulator
design included in a flow channel of a cooling plate consistent
with embodiments disclosed herein.

[0023] FIG. 11 illustrates a flow chart of an exemplary
method of assembling a cooling system consistent with
embodiments disclosed herein.

DETAILED DESCRIPTION

[0024] A detailed description of systems and methods con-
sistent with embodiments of the present disclosure is pro-
vided below. While several embodiments are described, it
should be understood that disclosure is not limited to any one
embodiment, but instead encompasses numerous alterna-
tives, modifications, and equivalents. In addition, while
numerous specific details are set forth in the following
description in order to provide a thorough understanding of
the embodiments disclosed herein, some embodiments can be
practiced without some or all of these details. Moreover, for
the purpose of clarity, certain technical material that is known
in the related art has not been described in detail in order to
avoid unnecessarily obscuring the disclosure.

[0025] The embodiments of the disclosure will be best
understood by reference to the drawings, wherein like parts
may be designated by like numerals. It will be readily under-
stood that the components of the disclosed embodiments, as
generally described and illustrated in the figures herein, could
be arranged and designed in a wide variety of different con-
figurations. Thus, the following detailed description of the
embodiments of the systems and methods of the disclosure is
not intended to limit the scope of the disclosure, as claimed,
but is merely representative of possible embodiments of the
disclosure. In addition, the steps of a method do not neces-
sarily need to be executed in any specific order, or even
sequentially, nor need the steps be executed only once, unless
otherwise specified.

[0026] FIG. 1 illustrates a perspective view of a battery
system 100 including a battery cooling system consistent
with embodiments disclosed herein. In certain embodiments,
the battery system 100 may be included in a vehicle (not
shown). The vehicle may be a motor vehicle, a marine
vehicle, an aircraft, and/or any other type of vehicle, and may
include an internal combustion engine (“ICE”) drivetrain, an
electric motor drivetrain, a hybrid engine drivetrain, an FC
drivetrain, and/or any other type of drivetrain suitable for
incorporating the systems and methods disclosed herein. In
some embodiments, the battery system 100 may comprise a
high voltage (“HV”) battery system, and may be used to
power electric drivetrain components of the vehicle (e.g., as
in an electric, hybrid, or FC power system). In further
embodiments, the battery system 100 may be a low voltage
battery (e.g., a lead-acid 12V automotive battery) and may be
configured to supply electric energy to a variety of vehicle
systems including, for example, vehicle starter systems (e.g.,
a starter motor), lighting systems, ignition systems, and/or the
like.

[0027] The battery system 100 may include one or more
battery packs 102 suitably sized to provide sufficient electri-
cal power to meet demands of the battery system (e.g., suffi-
cient to power an associated vehicle drivetrain and/or the
like). Each battery pack 102 may include one or more con-
stituent battery modules. The battery modules may comprise
one or more battery cells utilizing any suitable battery tech-
nology including, for example, lead-acid, nickel-metal
hydride (“NiMH”), lithium-ion (“Li-Ion”), Li-Ion polymer,
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lithium-air, nickel-cadmium (“NiCad”), valve-regulated
lead-acid (“VRLA”) including absorbed glass mat (“AGM”),
nickel-zinc (“NiZn”), molten salt (e.g., a ZEBRA battery),
and/or any other suitable battery technologies.

[0028] Under normal operation (e.g., charging and/or dis-
charging), the battery system 100 and/or associated systems
may produce heat. In certain circumstances, however, the
temperature of the battery system 100 may affect battery
performance. For example, battery temperature may affect
operation of an electrochemical system included in the bat-
tery system 100, performance of a vehicle associated with the
battery system 100, round trip efficiency and/or charge accep-
tance of the battery system 100, power and energy of the
battery system 100, safety and reliability of the battery system
100, and/or life and life cycle cost of the battery 100. To
regulate the temperature of the battery system 100, the battery
system 100 may include a liquid cooling system.

[0029] The liquid cooling system may be configured to
circulate and/or distribute a liquid coolant through one or
more flow channels proximately disposed by various compo-
nents and/or systems included in the battery system 100,
thereby regulating the temperature of the components and/or
systems. In certain embodiments, the liquid cooling system
may be further configured to circulate the liquid coolant to
various components and/or systems included elsewhere in an
associated vehicle. By utilizing a liquid cooling system to
regulate temperature of the battery system 100 (e.g., regulate
the temperature within a desired range), the performance of
the battery system 100 may be improved, uneven temperature
distributions and unbalanced battery packs 102 in the battery
system 100 may be reduced, and/or potential hazards attrib-
utable to uncontrolled battery temperature may be mitigated.
[0030] In certain embodiments, the liquid cooling system
may comprise one or more cooling plates 104, 106. The one
or more plates 104, 106 may comprise any suitable material
including, for example, steel, stainless steel, titanium, alumi-
num, and/or the like. The cooling system plates 104, 106 may
provide structural support and/or otherwise retain the battery
packs 102 included in the battery system 100. Although FIG.
1, illustrates two battery packs 102 included in battery system
100 supported by cooling system plates 104, 106, it will be
appreciated that embodiments of the disclosed systems and
methods are scalable. Accordingly, any suitable number of
battery packs may be associated with any suitable number
cooling system plates 104, 106 consistent with the disclosed
embodiments.

[0031] Incertain embodiments, the cooling plates 104, 106
may define one or more flow channels. In certain embodi-
ments, the one or more flow channels may be coupled to a
central coolant delivery system 108 (e.g., via one or more
seals 110 or the like). The central coolant delivery system 108
may be configured to circulate liquid coolant through the one
ormore coolant flow channels defined by one or more cooling
plates 104, 106. In certain embodiments, the coolant flow
channels may be disposed proximate to the battery packs 102.
Accordingly, when liquid coolant is circulated through the
one or more coolant channels, the temperature of the battery
packs 102 may be regulated.

[0032] The cooling system may further comprise any suit-
able number of pumps, valves coolant circulation paths (e.g.,
piping), coolant reservoirs, heat exchangers (e.g., liquid/lig-
uid, liquid/air, liquid/AC unit, and the like), cooling system
electronics (e.g., feedback mechanisms, temperature sensors,
thermostats, coolant flow sensors, pump and heat exchanger
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control electronics, and the like), and/or any other cooling
system component and/or system in any suitable configura-
tion for circulating the liquid coolant to various components
and systems included in the battery system 100, including any
of the components described herein. The liquid coolant may
be a substantially aqueous coolant solution. In some embodi-
ments, the liquid coolant may comprise any combination
and/or concentration of water, methanol, glycol, ethylene
glycol, propylene glycol, glycerol, Dex-Cool®, and/or any
other suitable coolant material.

[0033] FIG. 2 illustrates sheets 200a, 2005 used to form a
cooling plate of a battery cooling system consistent with
embodiments disclosed herein. In certain embodiments,
sheets 2004, 2005 may comprise one or more channel areas
202a, 2025. In some embodiments, the one or more channel
areas 202q, 2025 may comprise raised and/or depressed por-
tions of the sheets 200a, 2005 that, when sheets 200a, 2005
are joined together to form a cooling plate, define one or more
flow channels. As illustrated, in further embodiments, sheets
200a, 2005 may further include one or more central coolant
delivery system openings 204a, 2045 configured to receive a
central coolant delivery system (not shown) and facilitate
flow of coolant from the central coolant delivery system
through the one or more flow channels defined by sheets
200a, 2005. Sheets 200a, 2005 may be formed using any
suitable manufacturing process and/or combination or manu-
facturing processes including, for example, machining,
molding, stamping, casting, and/or the like.

[0034] In certain embodiments, flow channels defined by
sheets 200qa, 2005 may be arranged in a variety of configura-
tions. For example, as illustrated, sheets 200a, 2006 may
define flow channels in a serpentine and/or partially-serpen-
tine configuration. In other embodiments, the flow channels
may be configured to circulate coolant in certain areas proxi-
mate to battery packs associated with the cooling system
and/or portions of battery packs associated with the cooling
system. For example, the flow channels may be configured to
circulate coolant proximate to portions of the battery packs
that may generate more heat and/or the like.

[0035] FIG. 3 illustrates a cooling plate 104 of a battery
cooling system consistent with embodiments disclosed
herein. As discussed above, sheets 200qa, 2005 may be joined
together to form a cooling plate 106 defining one or more flow
channels 300 through which coolant may flow. Sheets 200a,
2005 may be joined together in a variety of ways including,
for example, brazing, welding, and/or any other bonding pro-
cess to form the cooling plate 106. In certain embodiments,
sheets 200a, 2005 may be joined together to form the cooling
plate 104 in a single and/or otherwise one-shot brazing pro-
cess.

[0036] Insome embodiments, after joining together sheets
200a, 2005 to form the cooling plate 104, the outer surfaces of
the cooling plate 104 may be coated with an isolation film.
The isolation film may provide isolation between the cooling
plate 106 and/or an associated battery system and/or battery
pack. In certain embodiments, the isolation film may mitigate
degradation of the cooling plate 104 over time (e.g., degra-
dation caused by operation of the associated battery system).
[0037] FIGS. 4A-4C illustrate assembly of a battery cool-
ing system 400 consistent with embodiments disclosed
herein. The battery cooling system 400 may comprise one or
more cooling system plates 402a-402¢. The cooling system
plates 402a-402¢ may provide structural support and/or oth-
erwise retain battery packs included in an associated battery
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system (not shown). As illustrated, in certain embodiments,
the cooling system plates 402a-402¢ may be assembled in a
stacked configuration around a central coolant delivery sys-
tem 108. In some embodiments, the cooling system plates
402a-402¢ may comprise one or more members 406 (e.g.,
formed by a bend in the plates 402a-402¢ and/or the like)
configured to align and/or otherwise ensure that the cooling
system plates 402a-402¢ are spaced at a particular distance
relative to each other, thereby ensuring consistent spaces for
retaining associated battery packs and/or relative alignment
of'the cooling system plates 402a-402¢ and the central cool-
ant delivery system 108.

[0038] During assembly, the cooling system plates 402a-
402¢ may be configured to align with one or more coolant
distribution openings 404 of the central coolant delivery sys-
tem 108 such that circulated coolant may flow from the cool-
ant distribution openings 404 through the one or more flow
channels of the cooling system plates 402a-402¢ during
operation of the cooling system 400. As described in more
detail below, a seal 110 may couple the central coolant deliv-
ery system 108 to the cooling system plates 402a-402c¢.
Among other things, the seal may 110 may ensure that cool-
ant does not leak from the interface between the coolant
system plates 402a-402¢ and the central coolant delivery
system 108 during operation of the cooling system 400.
[0039] FIG. 5A illustrates a cross sectional view of a bat-
tery system 500 consistent with embodiments disclosed
herein. The battery system 500 may comprise one or more
cooling system plates 402a-402¢ and/or one or more battery
packs 102 situated therebetween. The cooling system plates
402a-402¢ may be assembled in a stacked configuration
around the central coolant delivery system 108, and may be
configured to circulate coolant through the one or more cool-
ant flow channels defined by one or more cooling plates
402a-402¢. Accordingly, when coolant is circulated through
the one or more coolant channels, the temperature of the
battery packs 102 may be regulated.

[0040] In certain embodiments, coolant may be circulated
through the central coolant delivery system 108 in a particular
direction (e.g., via one or more pumps and/or other associated
coolant circulation equipment). For example, as illustrated,
coolant may be circulated from an inlet of the central coolant
delivery system 108 to an outlet of the central coolant delivery
system 108 (e.g., flowing in the direction indicated by the
arrows in FIG. 5A) in connection with cooling operations.
[0041] FIG. 5B illustrates a cross sectional view of'a battery
system 500 and an associated forming mandrel 502 consistent
with embodiments disclosed herein. In certain embodiments,
one or more forming mandrels 502 may be inserted and into
the central coolant delivery system 108 (e.g., into inlets and/
or outlets of the central coolant delivery system 108). In some
embodiments, the forming mandrels 502 may further be con-
figured to expand within the central coolant delivery system
108 (e.g., thereby expanding the central coolant delivery sys-
tem 108) to form one or more seals with seals 110 and/or the
cooling system plate 104, thereby allowing coolant flowing
through the central coolant delivery system 108 to be circu-
lated into flow channels of the cooling plate 104.

[0042] FIG. 6 illustrates a cross sectional view of a seal 110
between a central coolant delivery system 108 and flow chan-
nels 300 defined by a cooling plate 104 consistent with
embodiments disclosed herein. In certain embodiments, the
seal 110 may be configured to couple the central coolant
delivery system 108 to the cooling system plate 104 (e.g.,
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mechanically couple via a compression fit configuration, an
o-ring configuration, and/or the like), thereby allowing cool-
ant flowing through the central coolant delivery system 108 to
be circulated into the flow channels of the cooling plate 104.
Among other functions, the seal 110 may ensure that coolant
does not leak from the interface between the coolant system
plate 104 and the central coolant delivery system 108 during
operation of the cooling system. In further embodiments, the
seal 110 may be configured to align and/or otherwise position
the central coolant delivery system 108 relative to the cooling
plate 104 during assembly of the cooling system.

[0043] In some embodiments, the seal 110 may comprise
an o-ring seal. The seal 110 may comprise any suitable mate-
rial and/or combination of materials including, for example,
rubber. In certain embodiments, the seal 110 may comprise
one or more metal rings insert modeled into a top and/or
bottom portion of the seal 110. In some embodiments, the one
or more metal rings may reduce deformation of the seal under
pressure. In certain embodiments, the seal 110 film may com-
prise a material configured to be exposed to coolant and/or
other conditions associated with the cooling systems and/or
an associated battery system without experiencing significant
degradation over time. In further embodiments, the seal 110
may comprise a material that may allow for varied thermal
expansion and/or contraction between the central coolant
delivery system and the cooling plate 104 while reducing the
potential for coolant leaks caused by such expansion and/or
contraction.

[0044] FIGS. 7A-7B illustrate an exemplary interface
between a central coolant delivery system 108 and a cooling
plate 402a consistent with embodiments disclosed herein.
FIG. 8 illustrates a simplified top cross-sectional view of a
seal 110 between a central coolant delivery system 108 and a
cooling plate 402a consistent with embodiments disclosed
herein. As illustrated, coolant distribution openings 404 of the
central coolant delivery system 108 may be configured to
align with one or more coolant flow channels 300 defined by
the cooling plate 402a. Accordingly, when coolant is circu-
lated through the central coolant delivery system 108, the
coolant may flow into the coolant flow channels 300 defined
by the cooling plate 4024 via the coolant distribution open-
ings 404 (e.g., in the direction indicated by the arrows in
FIGS. 7A-7B and FIG. 8). In further embodiments, coolant
may also circulate in a cavity 800 defined by the seal 110
during operation of the cooling system.

[0045] FIGS. 9A-9B illustrate cross sectional views of an
interface between a central coolant delivery system 108 and
flow channels 300 defined by a cooling plate 4024 consistent
with embodiments disclosed herein. As illustrated, a seal 110
(e.g., an o-ring and/or the like) may couple the central coolant
delivery system 108 to the cooling system plates 402a-402c.
Among other things, the seal 110 may ensure that coolant
does not leak from the interface between the coolant system
plate 402a and the central coolant delivery system 108 when
coolant is circulated from the central coolant delivery system
108 to the flow channels 300 through coolant distribution
openings 404 of the central coolant delivery system 108 and/
or facilitate proper mechanical alignment of the same during
assembly and/or operation.

[0046] FIGS. 10A-10B illustrate exemplary turbulator
designs included in a flow channel of a cooling plate 402
consistent with embodiments disclosed herein. In some
embodiments, flow channels may comprise one or more areas
incorporating turbulators. A turbulator may comprise one or
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more features defined by the flow channels configured to
create more turbulent flow of coolant through the flow chan-
nels during operation, thereby improving thermal perfor-
mance of the cooling system. A turbulator may comprise one
or more raised and/or depressed features included in a wall of
a flow channel that, in some embodiments, may be in a pat-
terned configuration. A turbulator may be formed in a variety
of ways including, without limitation, stamping, machining,
molding, casting, and/or the like.

[0047] For example, as illustrated in FIG. 10A, a turbulator
may comprise a pattern of one or chevron features included in
awall of a flow channel. Similarly, as illustrated in FIG. 10B,
a turbulator may comprise a pattern of one or more circular
features (i.e., a bubble) included in a wall of a flow channel. It
will be appreciated that a wide variety of turbulator features,
patterns, and/or configurations may be utilized in connection
with the disclosed embodiments, and that any suitable turbu-
lator features, patterns, and/or configurations designed to cre-
ate more turbulent flow of coolant in a flow channel may be
utilized in connection with embodiments disclosed herein.
[0048] Insomeembodiments, a turbulator may be incorpo-
rated into an area of a central coolant delivery system facili-
tating coolant flow. In further embodiments, a turbulator may
comprise a separate component mechanically affixed to a
flow channel of an associated cooling plate 402 and/or a
central coolant delivery system.

[0049] TItwill be appreciated that a number of variations can
be made to the embodiments of the geometries and/or con-
figurations presented in connection with FIG. 1-10B within
the scope of the inventive body of work. Accordingly, it will
be appreciated that FIGS. 1-10B are provided for purposes of
illustration and explanation and not limitation.

[0050] FIG. 11 illustrates a flow chart of an exemplary
method 1100 of assembling a cooling system consistent with
embodiments disclosed herein. At 1102, the method 1100
may be initiated. At 1104, one or more cooling system plates
may be assembled in a stacked configuration. One or more
seals may be mechanically installed in one or more central
cooling delivery system openings of the one or more cooling
system plates at 1106. In certain embodiments, the one or
more seals may be configured to couple the central coolant
delivery system to the cooling system plates, thereby allow-
ing coolant flowing through the central coolant delivery sys-
tem to be circulated into flow channels of the cooling plates
without coolant leaking from the interface.

[0051] At1108, the central cooling delivery system may be
disposed within openings defined by the installed seals. In
some embodiments, the central cooling delivery system and/
or the installed seals may be sized such that when properly
aligned, a seal is formed that may be substantially leak free. In
further embodiments, the central cooling system may be
expanded internally such that a substantially leak free seal is
formed between the central cooling delivery system and/or
the seal and associated cooling plate. For example, in certain
embodiments, one or more mandrels may be inserted into
open ends of the central coolant delivery system and be con-
figured to expand the central cooling delivery system and
form a substantially leak free seal between the central cooling
delivery system and/or an associated seal/cooling system
plate. The method 1100 may end at 1110.

[0052] Although the foregoing has been described in some
detail for purposes of clarity, it will be apparent that certain
changes and modifications may be made without departing
from the principles thereof. Additionally, certain systems
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and/or methods disclosed herein may be utilized in a liquid-
cooled battery system not included in a vehicle (e.g., abackup
power battery system or the like). It is noted that there are
many alternative ways of implementing both the processes
and apparatuses described herein. Accordingly, the present
embodiments are to be considered illustrative and not restric-
tive, and the invention is not to be limited to the details given
herein, but may be modified within the scope and equivalents
of the appended claims.

[0053] The foregoing specification has been described with
reference to various embodiments. However, one of ordinary
skill in the art will appreciate that various modifications and
changes can be made without departing from the scope of the
present disclosure. For example, various operational steps, as
well as components for carrying out operational steps, may be
implemented in alternate ways depending upon the particular
application or in consideration of any number of cost func-
tions associated with the operation of the system. Accord-
ingly, any one or more of the steps may be deleted, modified,
or combined with other steps. Further, this disclosure is to be
regarded in an illustrative rather than a restrictive sense, and
all such modifications are intended to be included within the
scope thereof. Likewise, benefits, other advantages, and solu-
tions to problems have been described above with regard to
various embodiments. However, benefits, advantages, solu-
tions to problems, and any element(s) that may cause any
benefit, advantage, or solution to occur or become more pro-
nounced, are not to be construed as a critical, a required, or an
essential feature or element.

[0054] As used herein, the terms “comprises” and
“includes,” and any other variation thereof, are intended to
cover a non-exclusive inclusion, such that a process, a
method, an article, or an apparatus that comprises a list of
elements does not include only those elements but may
include other elements not expressly listed or inherent to such
process, method, system, article, or apparatus. Also, as used
herein, the terms “coupled,” “coupling,” and any other varia-
tion thereof are intended to cover a physical connection, an
electrical connection, a magnetic connection, an optical con-
nection, a communicative connection, a functional connec-
tion, and/or any other connection.

[0055] Those having skill in the art will appreciate that
many changes may be made to the details of the above-
described embodiments without departing from the underly-
ing principles of the invention. The scope of the present
invention should, therefore, be determined only by the fol-
lowing claims.

1. A battery cooling system comprising:

aplurality of cooling plates, each cooling plate comprising
at least one coolant flow channel;

a central cooling delivery system configured to interface
with the coolant flow channels of the plurality of cooling
plates; and

aplurality of seals, each seal configured to seal an interface
between the central cooling delivery system and the
plurality of cooling plates.

2. The battery cooling system of claim 1, wherein the

plurality of cooling plates are arranged in a stack configura-
tion.
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3. The battery cooling system of claim 2, wherein the stack
configuration comprises a plurality of spaces between the
plurality of cooling plates, each space configured to retain a
battery pack.

4. The battery cooling system of claim 2, wherein at least a
portion of the plurality of cooling plates comprise one or more
members configured to maintain a particular spacing between
the plurality of cooling plates in the stack configuration.

5. The battery cooling system of claim 1, wherein each seal
of the plurality of seals comprises an o-ring seal.

6. The battery cooling system of claim 1, wherein each seal
of'the plurality of seals is configured to provide a mechanical
seal the interface between the central cooling delivery system
and the plurality of cooling plates.

7. The battery cooling system of claim 1, wherein each
cooling plate comprises a first sheet and a second sheet.

8. The battery cooling system of claim 7, wherein the first
sheet and second sheet are joined together using a brazing
process to form the cooling plate.

9. The battery cooling system of claim 7, wherein at least
one of the first sheet and the second sheet define at least a part
of a coolant flow channel.

10. The battery cooling system of claim 1, wherein each
coolant flow channel comprises at least one turbulator.

11. The battery cooling system of claim 10, wherein the
turbulator comprises a plurality of raised features within the
coolant flow channel arranged in a pattern configuration.

12. The battery cooling system of claim 10, wherein the
turbulator comprises a plurality of depressed features within
the coolant flow channel arranged in a pattern configuration.

13. The battery cooling system of claim 1, wherein the
central cooling delivery system comprises at least one turbu-
lator.

14. The battery cooling system of claim 13, wherein the
turbulator comprises a plurality of raised features within the
coolant flow channel arranged in a pattern configuration.

15. The battery cooling system of claim 13, wherein the
turbulator comprises a plurality of depressed features within
the coolant flow channel arranged in a pattern configuration.

16. The battery cooling system of claim 1, wherein at least
one surface of each cooling plate is coated with an isolation
film.

17. A method of assembling a cooling system for a battery
comprising:

disposing a plurality of cooling system plates in a stacked

configuration, each cooling system plate comprising at
least one coolant flow channel and defining at least one
central coolant delivery system opening;

installing a plurality of seals, each seal being disposed in a

central coolant delivery system opening associated with
a cooling system plate of the plurality of cooling system
plates;

disposing a central coolant delivery system within open-

ings defined by the plurality of seals; and

expanding the central coolant delivery system to form a

substantially leak free seal between the central cooling
delivery system, the plurality of seals, and the plurality
of cooling system plates.
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